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SUMMARY 

\ w a o  
The expression f o r  t h e  energy rece ived  from a s i g n a l  r e f l e c t -  

ed from the  corona is der ived  on t h e  b a s i s  of t h e  G a u s s i a n  d i s t r i b u -  

t i o n  of  t h e  p r o b a b i l i t y  of radiowave s c a t t e r i n g  on the  inhomogeneities 

of e l e c t r o n  dens i ty .  The s c a t t e r i n g  at t h e  p o i n t  of i n t e g r a l  i n n e r  

r e f l e c t i o n  is not  considered. The p o s s i b i l i t y  of determining t h e  sta- 
t i : . . t i ca l  d i s t r i b u t i o n  func t ion  of inhomogeneities is i n v e s t i g a t e d ,  

t a k i r g  i n t o  account t l - a t  the F igna l ,  r e f l e c t e d  from the  corona, 

a Dopnler contour.  

* 
* * 

One of t h e  important f a c t o r s  determining t h e  i n t e n s i t y  of 
the  ref lected s i g n a l  at l o c a t i o n  of t h e  corona is t he  c h a r a c t e r i s t i c  

of d i s t r i b u t i o n  of e l e c t r o n  dens i ty  inhomogeneities as a funct ion  of 
t h e  r ad ius .  

Le t  us examine the  cha rac t e r  of radiowave propagat ion i n  the  

corona a t  l o c a t i o n  from the  ground (Fig.  1). The p o s s i b i l i t y  of geo- 
t r i c  o p t i c s '  approximation is s u b s t a n t i a t e d  i n  L11. For the  6iming 

d i s t ance  we take  t h e  quan t i ty  a =  ?de ,  where  p 
t h e  antenna t o  the  po in t  of i n t e g r a l  i n n e r  r e f l e c t i o n  i n  t h e  corona; 

is the d i s t a n c e  from 
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2. 

0 is t h e  ane le  between t h e  radiorey ana the  c e n t r a l  axis. 

The t o t e l  r e f r a c t i o n  of t h e  ra6 ioray  is determined by formula 

( s e e  ref.  [21), where n (ro) is the va lue  of t h e  index of r e f r a c t i o n  

at t h e  po in t  of t o t a l  i n n e r  r e f r a c t i o n ;  r is t h e  d i s t ance  from the 
c e n t e r  of t h e  Sun t o  t h e  t r a j e c t o r y  element. The absorp t ion  is taken 

i n t o  account by t he  formula 

where is  t h e  absorpt ion c o e f f i c i e n t .  

S ince  i n  p o l a r  coordinates  ds = )Id+ + 9dez and, bes ides ,  

where i i s  t h e  angle Setween the tangent  t o  t h e  ray and t h e  normal. t o  

t h e  s u r f a c e  of eoual  va lues  of n ,  0 is the  angle between the  c e n t r a l  

a r i s  and t h e  v e c t o r  r, me obtain 

- 

ds -'&[I - (a2/n29)]-"~. (3) 
Let  us  i n v e s t i g a t e  tile i n t e n s i t y  d i s t r i b u t i o n  of t he  r e f l e c t e d  

E i g i i a i  on the i n n e r  su r face  of the  sphe re ,  conducted through a t r ans -  

m i t t i n g  antenna and having a rad ius  of the  order of maxnitude of 

( F i g . 1 ) .  
\Ye e s t ima te  i n  the f i r s t  approximation t h a t  t h e  corona h a s  

a s p h e r i c a l l y  symmetric s t r u c t u r e  witkout inhomogenei t ies .  
L e t  u6 f i x  the  corona element i n  t h e  form of a s p h e r i c a l  b e l t  

of surf ace a, = 2mZd.u. 

T h i s  element is pro jec ted  on the  i n n e r  s u r f a c e  of t h e  sphere  

i n  t h e  form of t h e  b e l t  dS2aLet us determine t h e  a rea  of t h i s  p ro jec t -  

i on .  From t he  t r i a n g l e  NPQ we have 

P'Q = A, = a -+ p b i n  [ x - R (a) - d e ]  s. u - p sin R (a) + a cos R (a), (5) 
pi\' = h2 = p [JT - R(u)  - de] w -p COSR(U) + asinR(u).  



D i f f e r e n t i a t i n g  hl and h2 over  a from t h e  t r i a n g l e  LQS, w e  

f i n d  (QL =dH) 

Here R =R (a), R' = dR(a)/dab Then the area dS2 = 2 hi dH is 

(6) dS2 = 2n(u + p sin R + u cos I?) {[ (p cos R - u sin R)R' + 
+  COS */zR)*]z + [ (p sin R + a cos R)R' + sin R]2}'I1da = 2nt(a)da 

, 

/ 
/ I \P 

Fig. 1 

The r e f l e c t i o n  of the objec t  is cha rac t e r i zed  by t he  e f f e c t i v e  

c r o s s  s e c t i o n  6 ,  and, at the  same tinie, we have i n  t h e  geometric appro- 

ximation C33 
a = lim4nla(P,/P1), 

1- (7) 

where Pr is  the  d e n s i t y  of the  s c a t t e r e d  energy flux of radiowaves a t  
the  d i s t a n c e  

of  t h e  wave i n c i d e n t  i n  t h e  ret7ion of t h e  ob jec t .  I n  the  case confidered 

( s e e  F i q . 1 )  

t from t h e  s c a t t e r e r ;  Pi i s  t h e  d e n s i t y  of energy flux 

0 b / O O  



S u b s t i t u t i n g  t h e  values of dS1 and ds2, w e  f i n d  

The expression 

formula) has  t h e  form 
for the  energy of t he  rece ived  s ignal  ( t h e  r a d a r  

CAP,a p = -  
(4.)"' * (9) 

where G is t h e  d i r e c t i o n a l  f a c t o r  of the t r a n s m i t t i n g  antenna; A iS 

t h e  e f f e c t i v e  a r e a  of t h e  rece iv ing  antenna; Pais t h e  t r a n s m i t t e r ' s  

energy. 
The i n t e n o i t y  of t h e  r e f l e c t e d  s i g n a l  i n  an a r b i t r a r y  po in t  of 

t h e  sphe re  w i l l  be tietermined, takinp: i n t o  account (8)  and ( 9 ) .  66 a 
functior,  of t he  a i d n g  d i s t ance  _a. 

In der iv ing  (lo), we d i d  pot take i n t o  account t h e  s c a t t e r i n g  

of radioawaves over t h e  inhomogeneities of corona 's  e l e c t r o n  dens i ty .  

Vie presume t h e  absence of sha rp  ga rd ien t s  o f  t h e  r e f r a c t i v e  index in t h e  

corona, ana w e  determine the  e f f e c t  of ichoxogenei t ies  on t h e  wave f r o n t  

d e f l e c t i o n ,  determined by the  laws of geometric op t i c s .  From t h e  calcu- 

l a t i o n  of ChadraseckharC41 the  root-nean-square value of t h e  angle of 
s c a t t e r i n g  in a medium with s t a t i s t i c a l l y  i r regular  d i s t r i b u t i o n  of t h e  

re f rac t ive  index and a c o r r e l a t i o n  func t ion  of t he  form exp (--AS/Am2) 
is determined by t h e  expreEsion 

Q, = \p (s) ids), \p (s) = $ B A ~  (8) A ~ O  (s) -+. (11) 

4 n  ( s )  is t h e  root-mean-square value of t h e  d e f l e c t i o n  of the r e f r a c t i v e  

index  from t h e  un i ty  i n  a c i n g l e  inhomogeneity; A m  (SI 
p @ w r e  dimensions of a sin.-le inhomogeneity. The root-mean-square value 

are t:ie mean- 
0 



The i n t e g r a t i o n  is e f f ec t ed  t o  c e r t a i n  snal l  v i c i n i t y  of t h e  

p o i n t  ro S u b s t i t u t i n g  the  value of dS from (31, we have 

L e t  us consider  a beam of rays near  t h e  c e n t r a l  axis, i n c i d e n t  

upon t h e  element of t h e  corona dS1 = 2sada (Fig.  1 1 ,  Upon r e f l e c t i o n  a 
according t o  t h e  l a w s  o f  geometric o p t i c s  from t h i s  s p h e r i c a l  b e l t ,  

r ad io rays  a r e  p ro jec t ed  on a similar element l y i n g  on t h e  i n n e r  su r face  
of  t h e  sphere w i t h  an a r e a  dS = 2rCz ( a )  da. Because of s c a t t e r i n g  on 
t h e  inhomogeneities,  a probab i l i t y ,  d i s t i n c t  from z,ero, of wave f r o n t  

r o t a t i o n  by an angle  R ( a )  = X - R (a), Since t h e  inten-izity is pro- 

p o r t i o n a l  t o  the  p r o b a b i l i t y ,  one may e s t ima te  t h e  energy of t h e  s i g n a l  

r e f l e c t e d  from the  e l e m e n t  dS1, and , rece ived  by t h e  r ece iv ing  entenna, 

The e f f e c t i v e  c r o s s  s e c t i o n  for t h i s  element is  determined by t h e  

2 

express ion  

where W (a) is  the  p r o b a b i l i t y  of d e f l e c t i o n  by t h e  angle  R ( a ) .  
Then, t h e  dens i ty  of s i g n a l  i n t e n s i t y  i n  the  reg ion  of t h e  d i s p o s i t i o n  

of  t h e  t r a n s m i t t i n g  antenna a t  the expense of r e f l e c t i o n  from t h e  corona 
element dS w i l l  be determined by t h e  express ion  

1 

A t  t he  same time, account W E S  taken of t h e  equat ions  (4). ( 6 )  
and (9). Accordingly, t he  expression f o r  t h e  energy of r e c e p t i o n  of 
t h e  s i g n a l  r e f l e c t e d  from the  whole corona w i l l  take the  form 



where A 

experimental ly .  

is t h e  r a d i u s  of t h e  diameter of corona s c a t t e r i n g ,  found 
0 

We s h a l l  t ake  as Gaussian the  p r o b a b i l i t y  d i s t r i b u t i o n  of r ay  

ang le ’ s  r e f l e c t i o n  from t h e  geometrico-optical  d i r e c t i o n  because of 

s c a t t e r i n g  over t h e  inhomogeneities. As is  noted i n  C51, t h e  appl ica-  
t i o n  of t h e  l a t t e r  is pO6Eible at  f i l f i l l m e n t  of t h e  condi t ion  

A m o > U ,  (17) 
where L its t h e  o p t i c a l  patii of t;,e r ad io ray  i n  t h e  corona; A,, is t h e  

wavelength. 

A m %  
as satisfied. Taking i n t o  account (12 ) ,  we have 

I f  we asFuEe t ’ la t  co ronz l  r a p s  are s c a t t e r i n g  o b j e c t s ,  we have 

3 lo5 km C63 , and therefore  the  condi t ion  (17) can be considered 
0 

where c is determined from t h e  condi t ion of normalizat ion;  at t h e  same 

time w e  admit t h a t  for r ays  w i t h  a s m a l l  aiming d i s t ance  a t he  s c a t t e r -  

i n g  i n d i c a t r i x  i n  t h e  plane perpendicular  t o  t h e  propagation d i r e c t i o n  

is a c i r c l e .  Then 

- 

S u b s t i t u t i n g  t h e  two l a s t  expresgions i n t o  (16) and t ak ing  

i n t o  account (121, w e  f i n d  

As a r e s u l t  of the  experiment, t h e  quan t i ty  F is  known, and 

i t  is  now requi red  t o  f i n d  t h e  funct ion ‘ v ( s ) ,  which i n ~ o l v e s  cons iderable  
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d i f f i c u l t i e s .  The problem w i l l  be s i x p l i f i e d  i f  t h e  energy spectrum, con- 
d i t i o n e d  by the  Doppler e f f e c t ,  is known. 

L e t  us  cons ider  t he  s p e c t r a l  c h a r a c t e r i s t i c  of t h e  received sig- 

nal. The expression for t h e  e l e c t r i c  component h a s  t b e  form 

E ( t )  = Eo COS (04 + TO) t 2 E, COS (ut + 9,)s 

where W g ,  Yc a r e  t h e  c i r c u l a r  freouency and t h e  c a r r i e r  phase; Ir,, 4 are 
t h e  c i r c u l a r  freauency and the  phase of t h e  f r i n g e  Doppler spectrum 

wi thout '  Sun'F emisEion and noises ;  t i F  t h e  t ime. 

L e t  us  in t roduce  i n t o  the cons idera t ion  t h e  c u a n t i t y  

(0, - 00) /2n = j 8  = f o  * 2 v l b  f 2 ~ 8 / I b ,  (24) 

where 3' is t h e  chao t i c  v e l o c i t y  a long the  v i s u a l  r a y  on account of 
f l u c t u a t i o n s ;  V;is the  component of t h e  cons tan t  v e l o c i t y  a long t h e  vi-  
s u a l  ray because of Sun's r o t a t i o n .  Yie neg lec t  the chao t i c  v e l o c i t y  and 
a l s o  t h e  d i f f e r e n t i a l  r o t a t i o n  by l a t i t u d e .  

L e t  us examine the  r o t a t i o n  of 

t he  Sun around t h e  axis XZ (Fi?. 2). 

and o u t l i n e  an element of t he  corona 

i n  t h e  form of a s p h e r i c a l  beit. The 

upper p a r t  of t he  b e l t  i s  shown i n  

Fig. 2 . The plane ACBD is  e q u a t o r i a l .  

Assume t h a t  t h e  poin t  of t o t a l  i nne r  

r e f l e c t i o n  l i e s  i n  t h i s  plane: then 

t h e  i n c i d e n t  ray PK and the  reflect-  

ed one KQ l i e  also i n  t h e  equa to r i a l  7 

plane. I n  r e a l i t y ,  because of spheri- Fig. 2 
ca l  s t r a t i f i c a t i o n  of t h e  corona, t h e  

t r a j e c t o r y  of t h e  rad ioray  cannot be represented  by a s t r a i g n t  l i n e ,  

bu t  in t h e  case  considered, t h e  i n t e r e s t  is centered  on t h e  angle of 
r e f r a c t i o n ;  i t  thus  is appropr ia te  t o  admit such a s i m g l i f i c a t i o n .  
':!e s h a l l  t a k e  the  v e l o c i t y  of the  po in t  K because of corona r o t a t i o n  



- 
equa l  t o  VK . Then, a6 may be seen from Fig. 2, 

p o i n t ' s  v i s u a l  r ay  w i l l  be 

thfi v e l o c i t y  a long  t h i s  

An analogous expression w i l l  take place for the  r a d i a l  velocity 
of the  poin t  N, l y i n g  i n  t he  e q u a t o r i a l  plane, with the  d i f fe rence ,  

however, t h a t  t h e  angle  of r e f r a c t i o n  w i l l  be func t ion  of the  aiming 
d i s t ance  a', d i f f e r e n t  from 5 .  Assume t h a t  the  po in t  L l i e s  on t he  

meridian passinp through N. Since t h e  v e l o c i t y  vec tors  of these  points 
l i e  in p a r a l l e l  planes and coincide i n  d i r e c t i o n ,  the r a d i a l  v e l o c i t y  

of the  point  L is 
DSL = VL cos'/zR(a') * (23) 

L e t  us denote OL= ON= Ro; O ' L = O * K =  a, c L O X = f l  , L I D W = ~  ; 
at  the  same t i m e ,  because of the  smallness of t he  corona scattering 
diameter r e l a t i v e  t o  the  t o t a l  area,  we may admit RL = const.  Then, i t  
is easy t o  f i n d  from the  t r i a n g l e s  Em, O'LM, RON 

From the  t r i a n g l e s  O W  and O'LM we f i n d  cos = ( a /Ro)  sin 
S u b s t i t u t i n g  the  value found i n  (231,we f i n d  

Let  us detern ine  the  value of t he  v e l o c i t y  of the  point L, 
. -  

admi t t ing  the  corona r o t a t i o n  w i t h  an angular v e l o c i t y  R.Then v ~ = r ' B .  
Since r*  = OM= Ro s i n  p , we have 

L'l, = Q ( R 2 -  u2sinzp)'!*. 

S u b s t i t u t i n g  the  l as t  exprec-sion i n t o  (241, we f i n d  t h e  value 
of the r a d i a l  ve loc i ty  of  an a r b i t r a r y  poin t  of the  corona as a funct ion  

of the v a r i a b l e s  a , r  

us = 52(R0* - a* sin2 p)'/*cos l / ~ [ R ( a ,  p)], (27) 



where R = R ( a ,  p), 
by the  expression 

t ak ing  i n t o  account (1) and (251, W i l l  be determined 

The expression f o r  t h e  frequency s h i f t  funct ion as a consequence 

o f  the  Doppler e f f e c t  (21) w i l l  take the form 
2 9  
A0 (28) 1, = fo  t - (Ro2 - az sin' p)'h cos l/* [ R  (a ,  p)]. 

r Let us ass ign  ourse lves  a c e r t a i n  i n t e r v a l  of va r i ab le s  a and 
the limits a, a + da w i t h b  

func t ion  (28) w i l l  take the form 
and p, p + d p ;  then, the d i f f e r e n t i a l  

To t h i s  i n t e r v a l  da  and dp corresponds a corona a r e a  dSi=adadp 
and t he  screen a r e a  dSi = 5 (a) da d p  , whence 

dS{ 
0 (a )  .= 4w*- dS,' ' sin R - (a)  W (a). 2 

Applying t h e  theorem on the average, we f i n d  the r ecep t ion  energy 

tak ing  i n t o  account (91, (12) and (181, of the  s i g n a l  r e f l e c t e d  from 
and also.  the denotat ions (20) 

Severa l  such equations can be composed for various i n t e r v a l e  da 
and dt~, .  
known, the  lef t -hand p a r t s  of these equat ions may be determined from the  

I f  the energy frequency spectrum of the received signal is 
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Doppler contour upon prel iminary c a l c u l a t i o n  of frequency acc re t ion  

from the  expression ( 2 9 ) .  Thus arises the p o s s i b i l i t y  of determining t h e  
d i s t r i b u t i o n  func t ion  of inhomogeneities. Le t  us r ep resen t  t h i s  func t ion  

i n  t h e  form '$' (r)  = $ o + $ i r + ~ 3  as was admitted in [2]. S u b s t i t u t i n g  
t h i s  expression i n t o  (31) and  taking i n t o  account (31, (61, we f i n d  

Here CAP,  exp (-r07a)da.a.dp.sin ' /&(a) 
T (4 = 8nZp2 

x {[(p COS R (a) - a  sin R (a)) R (a) +  COS '/¶R (a))*Ia+ 

The last q u a n t i t i e s  can be computed by the  numerical method, pro- 

vided t h e  denenrience n (r) i s  given. Let us denote the expreesion 

Let UIS ass ign  ouselves  the discrete value of a h t he  i n t e r v a l  - 
0 < a  < A,. Then, upon t ak ing  the logari thm, we ob ta in  from (33) a system 

of t r anscenden t i a l  equat ions of t he  form 

Varying a i n  the system (341, i t  is necessary t o  take i n t o  

account t h a t  the l o s s  of information w i l l  decrease with the  decrease of 



11. 

intervals between the discrete g. 
we shell obtain a system of the form 

Resolving this system relative to X (a), 

. . . . . . . . . . . . . . .  
The constants $0, 4% 'pz can be determined from the laet system 

by the method of least squares,whic%will provide the possibility of 
estimating the statistical distribution function of inhomogeneities v(r). 

In conclusion, I am grateful to V.M. Polyakov for his interest 
in this work and his remarks, a n d  also to I.S.Shklovskiy, for presenting 
the theme. 
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